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(57) ABSTRACT

A steering apparatus configured to inhibit a driver from feel-
ing uncomfortable when an end bush impact occurs is pro-
vided. The steering apparatus includes a rack shaft that makes
a linear motion in a rack housing in response to rotation of a
steering shaft, and a ball joint fitted to an end portion of the
rack shaft. The steering apparatus further includes an elastic
body disposed between the rack housing and the ball joint, an
end plate, and a projection of the rack housing. When the
elastic body is compressively deformed due to collision of the
ball joint with the elastic body, the end plate comes into
contact with the projection to restrict compressive deforma-
tion of the elastic body by an amount exceeding a length. The
length is set larger than a length of a compression deformation
length with respect to an axial force due to a reverse input.

10 Claims, 7 Drawing Sheets




U.S. Patent Apr. 5, 2016 Sheet 1 of 7 US 9,302,697 B2

N/
8a %

3
777777
A3

FIG.1




U.S. Patent Apr. 5, 2016 Sheet 2 of 7 US 9,302,697 B2

FIG.3
—— ; REVERSE INPUT
—-— : NORMAL INPUT
/Z_\ ol i !
X !
W E
Q J
x :
Q@ :
R S e
2 A | EQUAL TO OR
& i SMALLER THAN 50%
O -
0 (2 [

COMPRESSION DEFORMATION LENGTH(mm)



U.S. Patent Apr. 5, 2016 Sheet 3 of 7 US 9,302,697 B2




U.S. Patent Apr. 5, 2016 Sheet 4 of 7 US 9,302,697 B2
FIG.5
5d
5 31 3
~ 5/b (, 31\8 o/] JID/ 50
/] ) Q\Q/ >
22a PG 71\\\ 3P
Pra > k 51
20{@1 & "/ [ I\ -5a
\ i RN TN
\\ \\\ \\\ N \\ \\\ h / / Ab\\ 4
. ™ " / A
LN S S NN AN
Y N NN
23+ Y Dheedetr =
‘\\ N 8/
Ala A & /
/) ,/ Jlf Pi
) 40 42
41 L

FIG.6




U.S. Patent Apr. 5, 2016 Sheet 5 of 7 US 9,302,697 B2

20 {gf 2 1% k(‘])\-/ 5S4
< BINT3.
NN N 7R
N “ WS AN \ / @ \\ \
\ i // / p
N V4 ‘eebB82a N\
L/ Y
23 A Z"\"”Z-im e
i \/ RN g \‘\ A d
81ary %S\v §\ 92/
= > 7 /,'/, i ?
Ll 2
' 8077 | l9p| |
81 9la” s
91 La Lb

FIG.8




US 9,302,697 B2

Sheet 6 of 7

Apr. 5, 2016

U.S. Patent

FIG.9A

FIG.9B

FIG.9C




US 9,302,697 B2

U.S. Patent Apr. 5, 2016 Sheet 7 of 7
FIG.10
_ 61}00 T1a 101
5/b 2/)61\8{ \*/6/0\71 /5d
2/28 225\»}74\\ &/72/ ‘
[pp——r / > P of
20 15 “imk“ml Sa
\ B3N-T3 s
\\ . /.}:/// ) A\b\\ N
A N 7 / \,\\\\
\ Y. \\‘\‘225\(é2 N .
231 7
/, A ¥ ATZa = Y
/ \Q \:\SBa
8]8_6/ AN l\\ 92/
Ve A
7 8082// lgp
a1 9la’ /- il
/ La Lb
91 KLa)



US 9,302,697 B2

1
STEERING APPARATUS

INCORPORATION BY REFERENCE

The disclosure of Japanese Patent Applications No. 2013-
250447 filed on Dec. 3, 2013 and No. 2014-097839 filed on
May 9, 2014, each including the specification, drawings and
abstract, is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a steering apparatus.

2. Description of the Related Art

A conventional steering apparatus that transmits the rota-
tion of a steering shaft caused in response to an operation of
a steering wheel to a steering mechanism, thereby changing
the orientation of steered wheels is described, for example, in
Japanese Patent No. 4696483. In the steering apparatus
described in Japanese Patent No. 4696483, a rack-and-pinion
mechanism is used as the steering mechanism. The rack-and-
pinion mechanism changes the orientation of the steered
wheels by converting the rotation of the steering shaft into a
linear motion of a rack shaft that meshes with the steering
shaft. The rack shaft is slidably housed in a housing. Usually,
when the rack shaft reaches the limit of its moving range, an
end (a rack end) of the rack shaft collides with the housing,
that is, an end bush impact occurs. In this way, the moving
range of the rack shaft is physically restricted.

Such an end bush impact may occur not only by an input
(normal input) caused as a driver operates the steering wheel,
but also by an input (reverse input) caused, for example, as the
steered wheel runs onto a curb. Usually, such a reverse input
produces an impact that is larger than that produced by the
driver’s operation of the steering wheel. In view of this, in
Japanese Patent No. 4696483, an elastic body is disposed
between the housing and the rack end in order to absorb large
inputs such as the reverse input.

However, in the steering apparatus according to Japanese
Patent No. 4696483, when an end bush impact occurs due to
the driver’s operation of the steering wheel, the rack end
collides with the housing via the elastic body. This makes it
difficult to determine a steering angle at which the rack end
collides with the housing. As a result, some drivers feel
uncomfortable in holding the steering wheel when an end
bush impact occurs.

SUMMARY OF THE INVENTION

One object of the invention is to provide a steering appa-
ratus configured to inhibit a driver from feeling uncomfort-
able when an end bush impact occurs due to a driver’s opera-
tion of a steering wheel.

A steering apparatus according to an aspect of the inven-
tion includes: a steered shaft that changes an orientation of
steered wheels by making a linear motion in a housing in
response to rotation of a steering shaft;

an end member that is fitted to an end portion of the steered

shaft, and that comes into contact with or moves away
from the housing in response to movement of the steered
shaft;

an elastic body disposed between the housing and the end
member; and

arestricting portion that restricts compressive deformation
of'the elastic body beyond a limit of a prescribed range, when
the elastic body is compressively deformed in a direction of
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the linear motion of the steered shaft due to collision of the
end member with the elastic body.

The restricting portion restricts the compressive deforma-
tion beyond the limit of the prescribed range when a first input
is applied to the steered shaft.

The prescribed range is set larger than a range in which the
elastic body is compressively deformed when a second input
that is shorter in duration than the first input is applied to the
steered shaft.

According to the above aspect, when the first input is
applied to the steered shaft, the compressive deformation of
the elastic body beyond the limit of the prescribed range is
restricted. On the other hand, when the second input is applied
to the steered shaft, even if the elastic body is compressively
deformed, the compressive deformation does not reach the
limit of the prescribed range. For example, a normal input,
which is an input due to a driver’s operation of a steering
wheel, is assumed to the first input. For example, a reverse
input, which is an input caused, for example, as the steered
wheel runs onto a curb, is assumed to be the second input.
Thus, in the case where an end bush impact occurs due to a
normal input and thus the duration of the end bush impact is
long, the compressive deformation of the elastic body is
restricted by the restricting portion. Thus, at the time of the
end bush impact caused by normal input, the amount of com-
pressive deformation of the elastic body reaches the limit of
the prescribed range and further compressive deformation is
restricted. Therefore, if the driver continues to apply force to
maintain the end bush impact in the above-described state, a
wobble of the steering wheel is restricted. As a result, it is
possible to inhibit the driver from feeling uncomfortable at
the time of the end bush impact due to the normal input.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further features and advantages of the
invention will become apparent from the following descrip-
tion of example embodiments with reference to the accom-
panying drawings, wherein like numerals are used to repre-
sent like elements and wherein:

FIG. 1is a view illustrating the schematic configuration of
a steering apparatus;

FIG. 2 is a view illustrating the schematic configuration of
a shaft end portion of a rack shaft according to a first embodi-
ment;

FIG. 3 is a graph illustrating the relationship between the
axial force and the compression deformation length;

FIG. 4A is a view illustrating the shaft end portion of the
rack shaft before occurrence of an end bush impact in the first
embodiment;

FIG. 4B is a view illustrating the shaft end portion of the
rack shaft at the time of an end bush impact due to a normal
input in the first embodiment;

FIG. 4C is a view illustrating the shaft end portion of the
rack shaft at the time of an end bush impact due to a reverse
input in the first embodiment;

FIG. 5 is a view illustrating the schematic configuration of
a shaft end portion of a rack shaft according to a second
embodiment of the invention;

FIG. 6 is a sectional view of an assembly formed by assem-
bling together an elastic body and an end plate in the second
embodiment;

FIG. 7 is a view illustrating the schematic configuration of
a shaft end portion of a rack shaft according to a third embodi-
ment of the invention;
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FIG. 8 is a sectional view of an assembly formed by assem-
bling together an elastic body and an end plate in the third
embodiment;

FIG. 9A is a view illustrating the shaft end portion of the
rack shaft before occurrence of an end bush impact in the third
embodiment;

FIG. 9B is a view illustrating the shaft end portion of the
rack shaft at the time of an end bush impact due to a normal
input in the third embodiment; and

FIG. 9C is a view illustrating the shaft end portion of the
rack shaft at the time of an end bush impact due to a reverse
input in the third embodiment.

FIG.10isaview illustrating the schematic configuration of
a shaft end portion of a rack shaft according to another
embodiment of the invention;

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, a steering apparatus according to a first
embodiment of the invention will be described. As illustrated
in FIG. 1, a steering apparatus 1 includes a steering wheel 2
operated by a driver, and a steering shaft 3 to which the
steering wheel 2 is fixed. The steering apparatus 1 further
includes a rack shaft 4, which is a steered shaft that makes a
reciprocating motion in response to the rotation of the steer-
ing shaft 3, and a rack housing 5, which is a generally cylin-
drical housing through which the rack shaft 4 is passed so as
to be able to make a reciprocating motion. The rack shaft
makes a linear motion in its axial direction. The steering shaft
3 is formed by coupling a column shaft 6, an intermediate
shaft 7, and a pinion shaft 8 that are arranged in the stated
order from the steering wheel 2 side.

The rack shaft 4 and the pinion shaft 8 are disposed in the
rack housing 5 with a prescribed crossing angle formed ther-
ebetween, and rack teeth 4a formed on the rack shaft 4 and
pinion teeth 8a formed on the pinion shaft 8 are meshed with
each other, whereby a rack-and-pinion mechanism 9 is pro-
vided. Tie rods 10 are pivotably coupled to the opposite ends
of the rack shaft 4 via ball joints 20. Steered wheels 11 are
coupled to the distal ends of the tie rods 10.

In the steering apparatus 1 having the above-described
configuration, the rotation of the steering shaft 3 caused in
response to the driver’s steering operation is converted into an
axial motion of the rack shaft 4 by the rack-and-pinion
mechanism 9. The thus obtained axial motion is transmitted
to the tie rods 10 via the ball joints 20 coupled to the opposite
ends of the rack shaft 4, whereby the tie rods 10 are driven. As
the tie rods 10 are driven, the steered angle of the steered
wheels 11 is changed and thus the travelling direction of a
vehicle is changed.

The steering apparatus 1 further includes a steering force
assist device 14 that applies assisting force to a steering
mechanism 13 including the steering wheel 2, the steering
shaft 3, and the rack shaft 4, by using a motor 12 disposed
parallel to the rack shaft 4 as a drive source. The steering force
assist device 14 includes a transmitting mechanism 18 includ-
ing: a drive pulley 15 coupled to the motor 12; a driven pulley
16 disposed parallel to the drive pulley 15 and coupled to the
rack shaft 4; and a toothed belt 17 that couples the pulleys 15,
16 to each other. The belt 17 is a toothed belt. A ball screw
mechanism 19 is interposed between the rack shaft 4 and the
driven pulley 16. The rotation generated by the motor 12 is
transmitted to the rack shaft 4 via the transmitting mechanism
18.

In the steering force assist device 14, the rotation generated
by the motor 12 is transmitted to the ball screw mechanism 19
via the transmitting mechanism 18, and is converted into a
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reciprocating motion of the rack shaft 4 via the ball screw
mechanism 19, whereby the assisting force is applied to the
steering mechanism 13. That is, the steering apparatus 1
according to the present embodiment functions as a so-called
rack parallel-type electric power steering apparatus.

Next, the configuration of a shaft end portion of the rack
shaft 4 will be described. As illustrated in FIG. 2, the rack
housing 5 has a rack housing portion Sa that houses the rack
shaft 4, and a joint housing portion 55 that is opened in the
axial direction, which coincides with the direction of a recip-
rocating motion, and that houses the rack shaft 4 and the ball
joint 20. A projection 5¢ is formed between the housing
portions Sa, 55 so as to project radially inward from the inner
periphery of the rack housing 5. A groove 5d is formed next to
the projection 5S¢, and the inside diameter of the groove 5d is
larger than that of the projection 5c. A contact face 5e is
formed on an end face of the projection 5¢, which is located
on the opposite side of the projection 5¢ from the groove 5d.
The contact face 5e is located between the projection 5S¢ and
the joint housing portion 55, and is formed due to the differ-
ence between the inside diameter of the projection 5¢ and the
inside diameter of the joint housing portion 55.

A mount portion 45 in which the ball joint 20 is mounted is
formed in the shaft end portion of the rack shaft 4. The mount
portion 45 is opened in the axial direction of the rack shaft 4.

Next, the ball joint 20 will be described. The ball joint 20
includes a ball stud 21 having a distal end portion formed in
a ball shape, and a socket 22 having a housing portion 22a in
which the distal end portion of the ball stud 21 is pivotably
housed. The ball stud 21 is housed in the socket 22 with a
buffer material 23 interposed between the ball stud 21 and the
socket 22. A screw portion 225 screwed to the mount portion
4b of the rack shaft 4 is formed at the opposite end side to the
housing portion 22a of the socket 22. The screw portion 225
projects in the axial direction from the opposite end side to the
housing portion 22a. When the screw portion 225 is screwed
to the mount portion 45 of the rack shaft 4, the socket 22 is
fixed to the rack shaft 4. Consequently, the ball joint 20 is
coupled to the rack shaft 4.

An end portion 22¢ with which the shaft end of the rack
shaft 4, that is, the distal end of the rack shaft 4 comes into
contact is formed at the base of the screw portion 225 of the
socket 22. The end portion 22¢ extends in the radial direction
from the base of the screw portion 225. In the present embodi-
ment, the end portion 22¢ comes into contact with the distal
end of'the rack shaft 4, and serves as a so-called rack end. That
is, the ball joint 20 (socket 22) having the end portion 22¢ may
function as an end member.

An elastic body 30 and an end plate 40 are disposed in the
joint housing portion 55. The elastic body 30 is made of a
resin material such as rubber, and the end plate 40 is made of
metal, such as iron, having a modulus of elasticity higher than
that of the elastic body 30. The rack shaft 4 is passed through
the elastic body 30 and the end plate 40.

The elastic body 30 has an annular shape, and includes a
body portion 31 of which the outside diameter is maintained
constant in the axial direction, and a fitting portion 32 in the
form of a flange. The length of the body portion 31 in the axial
direction is set such that the distance between a distal end 31a
of'the body portion 31 and the contact face 5e is a length [.1
when the elastic body 30 has not undergone compressive
deformation. The outside diameter of the body portion 31 is
set 5o as to be smaller than the inside diameter of the projec-
tion 5¢ when the elastic body 30 has not undergone compres-
sive deformation. The outside diameter of the fitting portion
32 is set such that the fitting portion 32 is allowed to be fitted
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in the groove 54. When the fitting portion 32 is fitted in the
groove 5d, the elastic body 30 is fixed to the rack housing 5.

The end plate 40 is formed in a disc shape, is fixedly fitted
to the distal end 314 of'the elastic body 30 with fixing means
such as an adhesive agent. The end plate 40 is fitted to the
distal end 31a so as to be movable together with the elastic
body 30. The outside diameter of the end plate 40 is slightly
smaller than the inside diameter of the joint housing portion
5b, but it is set larger than the inside diameter of the projection
5c. That is, the end plate 40 is formed such that, when the end
plate 40 moves toward the rack housing portion Sa, the elastic
body 30-side end face of the end plate 40 comes into contact
with the contact face Se.

A receiving portion 40a to be brought into contact with the
end portion 22¢ of the ball joint 20 is formed on an end face
of'the end plate 40, which faces the end portion 22¢. A contact
portion 404 to be brought into contact with the contact face 5e
of'the rack housing 5 is formed on an end face of the end plate
40, which is located on the opposite side of the end plate 40
from the receiving portion 40a. The end plate 40 is disposed
such that the distance between the contact portion 405 of the
end plate 40 and the contact face 5e coincides with the length
L1 based on the fact that the distance between the distal end
31a of the elastic body 30 and the contact face Se is L1 when
the elastic body 30 has not undergone compressive deforma-
tion.

In the steering apparatus 1, when the rack shaft 4 makes a
reciprocating motion, the end portion 22¢ of the ball joint 20
collides with the end plate 40 and then the end plate 40 is
pushed against the elastic body 30 in some cases. In this case,
the elastic body 30 is compressively deformed in the axial
direction by an axial force applied to the end plate 40 from the
rack shaft 4. After that, in the steering apparatus 1, the kinetic
energy of the rack shaft 4 and the ball joint 20 is absorbed by
the compressive deformation of the elastic body 30, and the
rack shaft 4 stops moving. That is, an assembly formed by
assembling together the end plate 40 and the elastic body 30
may be referred to as an impact absorbing member or an
impact input absorbing member. The state where the contact
portion 405 of the end plate 40 comes into contact with the
contact face Se of the rack housing 5 as a result of develop-
ment of deformation is the state where an end bush impact
occurs.

The end bush impact may occur in the following two cases,
that is, a case where an axial force is applied from the rack
shaft 4 to the end plate 40 due to a first input (hereinafter,
referred to as “normal input”) applied in response to the
driver’s steering operation, and a case where an axial force is
applied from the rack shaft 4 to the end plate 40 due to a
second input (hereinafter, referred to as “reverse input™)
applied, for example, as the steered wheel 11 runs onto a curb.

The normal input and the reverse input, which are assumed
to be the first input and the second input, respectively, in the
present embodiment are distinguished from each other based
on a duration t of a load (pulse), from the standpoint of
material testing study. That is, the normal input assumed to be
the first input in the present embodiment is a load classified
into static loading based on the duration t. A static loading is
expressed as, for example, 10* sec<t. On the other hand, the
reverse input assumed to be the second input in the present
embodiment is a load classified into impact loading based on
the duration t. The impact loading is expressed as, for
example, 107° sec<t<1 sec. In other words, in the present
embodiment, the load duration of the second input (impact),
that is, the reverse input is shorter than the load duration of the
first input (impact), that is, the normal input classified into
static loading.
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Next, description will be provided on an axial force that is
applied from the rack shaft 4 to the elastic body 30 and a range
of compressive deformation, that is, a compression deforma-
tion length in the axial direction in the present embodiment.
FIG. 3 illustrates the relationship between the axial force
applied to the elastic body 30 from the rack shaft 4 and the
compression deformation length (mm). The relationship in
the case of anormal input is indicated by an alternate long and
short dash line, and that in the case of a reverse input is
indicated by a continuous line. At the same axial force, the
compression deformation length in the case of the normal
input is larger than that in the case of the reverse input, that is,
compressive deformation of the elastic body 30 in the case of
the normal input is larger than that in the case of the reverse
input.

In FIG. 3, an axial force a1 is the maximum axial force
assumed to be generated by the normal input. The axial force
al is derived based on, for example, an output and a speed
reducing ratio of the motor 12 of the steering force assist
device 14. An axial force a2 is the maximum axial force at
which the vehicle is assumed to maintain a normal travelling
state even after the reverse input is cancelled, among axial
forces assumed to be generated by the reverse input. In the
steering apparatus 1 according to the present embodiment, the
axial force a2 is derived as the minimum axial force at which
so-called jumping occurs, that is, meshing between the driven
pulley 16 and the belt 17 is no longer maintained. Note that,
meshing between the driven pulley 16 and the belt 17 may be
the portion coupled to each other with the weakest force
among the various portions coupled to each other through
meshing of teeth in the steering apparatus 1.

As described above, the distance between the distal end
31a of the elastic body 30 and the contact face 5e, that is, the
distance between the contact portion 405 of the end plate 40
and the contact face 5e is the limit value of the compression
deformation length by which the elastic body 30 is compres-
sively deformed in the axial direction due to the end bush
impact. The limit value of the compression deformation
length by which the elastic body 30 is compressively
deformed is set to the length L1 that is larger than a length [.2
of the compression deformation length with respect to the
axial force a2 generated by the reverse input. In the present
embodiment, the axial force at which the compression defor-
mation length becomes the length L1 is denoted by a refer-
ence symbol . The axial force  is equal to or smaller than
50% of the maximum axial force a1 generated by the normal
input. The length .1 is a length at which the elastic body 30
adopted in the present embodiment is able to absorb each
input at a sufficient absorption rate when the elastic body 30
is compressively deformed. The length [.1 is set such that an
abnormally large normal input is not required for compres-
sive deformation of the elastic body 30

More specifically, a range in which the elastic body 30 is
compressively deformed is set such that, even when the elas-
tic body 30 is compressively deformed due to the axial force
a2 generated by the reverse input, the contact portion 4056 of
the end plate 40 does not come into contact with the contact
face 5e, that is, does not come into contact with the rack
housing 5. In addition, the range in which the elastic body 30
is compressively deformed is set such that, when an axial
force equal to or larger than the axial force § (and smaller than
the axial force al) is generated by the normal input and the
elastic body 30 is compressively deformed due to the axial
force, the contact portion 405 of the end plate 40 comes into
contact with the contact face Se, that is, comes into contact
with the rack housing 5.
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Next, the shaft end portion of the rack shaft 4 at the time of
an end bush impact due to a normal input or a reverse input
will be described. Description will be provided mainly on the
elastic body 30 and the end plate 40. As illustrated in FIG.4A,
before an end bush impact occurs, the end portion 22¢ of the
socket 22 and the receiving portion 40a of the end plate 40 are
apart from each other and the elastic body 30 has not under-
gone compressive deformation. That is, the contact portion
405 of the end plate 40 and the contact face 5e of the projec-
tion 5¢ of the rack housing 5 are apart from each other and the
distance between the contact portion 405 and the contact face
5e is maintained at the length 1.

Next, as illustrated in FIG. 4B, after the end portion 22¢
collides with the receiving portion 40a, the elastic body 30 is
compressively deformed with an increase in the axial force
due to a normal input. Then, when the axial force due to the
normal input further increases and reaches the axial force f3,
an end bush impact occurs when the elastic body 30 is com-
pressively deformed by an amount corresponding to the
length L1. Because the elastic body 30 expands in the radial
direction under the compressive axial force, the distance
between the elastic body 30 and the projection 5S¢ of the rack
housing 5 is reduced.

Atthe time of the end bush impact, the end portion 22¢ and
the receiving portion 40a come into contact with each other
and the contact portion 405 of the end plate 40 and the contact
face Se of the projection 5S¢ of the rack housing 5 come into
contact with each other in the direction of a reciprocating
motion of the rack shaft 4, whereby movement of the end
plate 40 is restricted. Consequently, movement of the socket
22 and the rack shaft 4 is restricted by the contact face 5e.
When the axial force due to the normal input is maintained
equal to or larger than the axial force p, the end bush impact
is maintained, that is, the state in which movement of the rack
shaft 4 is restricted is maintained. In the present embodiment,
the receiving portion 40a or the end plate 40 having the
receiving portion 40a functions as a pressure receiving por-
tion, and the contact face Se or the projection 5¢ (rack housing
5) having the contact face Se functions as a restricting portion.

On the other hand, as illustrated in FIG. 4C, after the end
portion 22¢ collides with the receiving portion 40a, the elastic
body 30 is compressively deformed with an increase in the
axial force due to a reverse input. Then, an end bush impact
occurs as the elastic body 30 is compressively deformed
within a range of the length 1.2 in accordance with the mag-
nitude of the axial force due to the reverse input. Because the
elastic body 30 expands in the radial direction under the
compressive axial force, the distance between the elastic
body 30 and the projection 5¢ of the rack housing 5 is reduced.

Atthe time of the end bush impact described above, the end
portion 22¢ and the receiving portion 40qa are in contact with
each other and the contact portion 405 and the contact face Se
are apart from each other. Thus, movement of the socket 22
and the rack shaft 4 is restricted by the compressive deforma-
tion of the elastic body 30. At the time of the end bush impact
described above, even when the axial force reaches the axial
force a2 due to the reverse input and the elastic body 30 is
compressively deformed by an amount corresponding to the
length [.2, the contact portion 405 and the contact face Se are
apart from each other at least by a length L3 (L3=L1-1.2).

Next, the operation of the steering apparatus 1 will be
described. When a normal input is applied to the rack shaft 4,
compressive deformation of the elastic body 30 in the axial
direction by an amount exceeding the length L1 is restricted.
On the other hand, when a reverse input is applied to the rack
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shaft 4, even if the elastic body 30 is compressively deformed,
restriction of the compressive deformation as in the case of'a
normal input is not made.

As illustrated in FIG. 4B, in the case where an end bush
impact occurs due to a normal input resulting from the driv-
er’s steering operation and thus the duration of a load is
relatively long, the compressive deformation of the elastic
body 30 is restricted by the contact face 5e (of the projection
5¢ of the rack housing 5). Thus, at the time of the end bush
impact caused by the driver’s steering operation, the amount
of compressive deformation of the elastic body 30 reaches the
length L1 and further compressive deformation is restricted.
Therefore, if the driver continues to apply force to maintain
the end bush impact in the above-described state, a wobble of
the steering wheel 2 is restricted.

On the other hand, as illustrated in FIG. 4C, in the case
where an end bush impact occurs due to a reverse input
caused, for example, as the steered wheel runs onto a curb and
thus the duration of a load is relatively short, the compressive
deformation of the elastic body 30 is not restricted by the
contact face 5e of the rack housing 5. Thus, at the time of the
end bush impact caused, for example, as the steered wheel
runs onto the curb, the reverse input is absorbed before the
amount of compressive deformation reaches the length L.1.
As aresult, it is possible to restrict the influence of the reverse
input on the steering apparatus 1.

In addition, at the time of an end bush impact, first, the end
plate 40 receives collision of the ball joint 20, and such an
input from the ball joint 20 compressively deforms the elastic
body 30 via the end plate 40. In particular, when the elastic
body 30 is compressively deformed by an amount corre-
sponding to the length 1 at the time of an end bush impact
caused by the driver’s steering operation, the contact face Se
of the rack housing 5 receives the end plate 40 to restrict the
compressive deformation. In this case, the axial force from
the end plate 40 is received by the elastic body 30 and the
contact face Se, and thus the axial force is received by a wider
area. Thus, a stress does not concentrate on a limited part in
the end plate 40, and the stress is dispersed and uniformized.

In addition, because the elastic body 30 is fixed to the rack
housing 5, for example, coming off of the elastic body 30
from housing 5 is restricted after an end bush impact. Thus, it
is possible to effectively utilize the contact face 5e, that is, the
configuration for restricting the compressive deformation of
the elastic body 30.

According to the present embodiment, the following
advantageous effects are obtained. 1) At the time of an end
bush impact due to a normal input resulting from the driver’s
steering operation, if the driver continues to apply force to
maintain the end bush impact, a wobble of the steering wheel
2 is restricted. As a result, the driver is inhibited from feeling
uncomfortable at the time of the end bush impact caused by
the steering operation.

2) at the time of an end bush impact due to a reverse input
caused, for example, as the steered wheel 11 runs onto a curb,
the structure for restricting compressive deformation of the
elastic body 30 is not utilized, the steering apparatus 1 is
inhibited from being damaged at the time of the end bush
impact caused as the steered wheel 11 runs onto the curb.

3) In the present embodiment, the movement of the end
plate 40 is restricted at a radially outer position and thus the
compressive deformation of the elastic body 30 is restricted.
Therefore, it is easy to ensure a wide area of a region of the
end plate 40, which is used to restrict the compressive defor-
mation of the elastic body 30.

4) At the time of an end bush impact caused by the driver’s
steering operation, a stress does not concentrate on a limited
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part in the end plate 40 and thus the stress is dispersed and
uniformized. Thus, even when the end member collides with
the end plate 40 at the time of the end bush impact, for
example, deformation of the end plate 40 is restricted.

5) Because, for example, leaning of the elastic body 30 at
the time of an end bush impact is restricted and thus the
configuration for restricting the compressive deformation of
the elastic body 30 is effectively utilized, the driver is inhib-
ited from feeling uncomfortable at the time of the end bush
impact caused by the driver’s steering operation.

Next, a steering apparatus according to a second embodi-
ment of the invention will be described. Note that the main
difference between the present embodiment and the first
embodiment is only the configuration relating to the elastic
body 30 and the end plate 40. Therefore, the same configu-
rations and the same control contents as those in the first
embodiment will be denoted by the same reference symbols
as those in the first embodiment, and detailed description
thereon will be omitted.

As illustrated in FIG. 5 and FIG. 6, the joint housing
portion 55 of the rack housing 5 is formed so that the inside
diameter is maintained constant in the axial direction, the
groove 5d is formed at a part of the joint housing portion 56 so
as to extend toward the outside of the rack housing 5, and the
inside diameter of the groove 5d is larger than that of the joint
housing portion 5. In addition, a contact face 5fis located
between the rack housing portion 5a and the joint housing
portion 54, and is formed due to the difference between the
inside diameter of the rack housing portion 5a and the inside
diameter of the joint housing portion 54.

The outside diameter of the body portion 31 of the elastic
body 30 in the present embodiment is set slightly smaller than
the inside diameter of the joint housing portion 56 of the rack
housing 5. In addition, the inside diameter of the body portion
31 is set larger than the outside diameter of the rack shaft 4.
That is, an insertion hole 33 having a diameter that is larger
than the outside diameter of the rack shaft 4 and smaller than
the inside diameter of the rack housing portion 5a of the rack
housing 5 is formed in the inside of the body portion 31. In
addition, the rack housing portion 5a-side corner of the fitting
portion 32 of the elastic body 30 is chamfered, which makes
it easier to fit the elastic body 30 to the rack housing 5. Note
that a clearance into which the axial force generated by the
rack shaft 4 escapes is formed in the groove 5d.

The end plate 40 is fitted in the insertion hole 33 of the
elastic body 30. The end plate 40 in the present embodiment
includes a disc-shaped plate portion 41 through which the
rack shaft 4 is passed, and a cylindrical restricting portion 42.
The restricting portion 42 is coaxially fitted to one side of the
plate portion 41. Both the plate portion 41 and the restricting
portion 42 are made of metal such as iron having a modulus of
elasticity higher than that of the elastic body 30. The plate
portion 41 and the restricting portion 42 are fitted to the distal
end 31a of the elastic body 30 with fixing means, such as an
adhesive agent. In the present embodiment, an assembly 50
formed by assembling together the elastic body 30, the plate
portion 41 and the restricting portion 42 may be referred to as
an impact (input) absorbing member.

The outside diameter of the plate portion 41 is set slightly
smaller than the inside diameter of the joint housing portion
5b of the rack housing 5, and the inside diameter of the plate
portion 41 is set slightly larger than the outside diameter of
the rack shaft 4. That is, a receiving portion 41a to be brought
into contact with the end portion 22¢ of the ball joint 20 at the
time of an end bush impact is formed on an end face of the
plate portion 41, which faces ball joint 20.
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In addition, the outside diameter of the restricting portion
42 is set substantially equal to the inside diameter of the
insertion hole 33 of the elastic body 30, and the inside diam-
eter of the restricting portion 42 is set larger than the inside
diameter of the rack housing portion 5a of the rack housing 5.
That is, a contact portion 42a to be brought into contact with
the contact face 5f of the rack housing 5 at the time of an end
bush impact is formed on the rack housing portion Sa-side
end face of the restricting portion 42.

The axial length of the body portion 31 of the elastic body
30 in the present embodiment is set such that the distance
between the contact portion 42a of the restricting portion 42
and the contact face 5f7is a length [.1 when the elastic body 30
has not undergone compressive deformation. That is, the
axial length of the restricting portion 42 of the end plate 40 is
set such that the distance between the contact portion 42a of
the end plate 40 and the contact face 5fis the length [.1 when
the elastic body 30 has not undergone compressive deforma-
tion.

As described above, the distance between the contact por-
tion 42a of the restricting portion 42 and the contact face 5f1s
a range in which the elastic body 30 is compressively
deformed in the axial direction due to an end bush impact.
More specifically, the range in which the elastic body 30 is
compressively deformed is set such that the contact portion
42a of the restricting portion 42 does not come into contact
with the contact face 5, that is, the rack housing 5, even if the
axial force a2 is generated by a reverse input and the elastic
body 30 is compressively deformed. Further, the range in
which the elastic body 30 is compressively deformed is set
such that the contact portion 42a of the restricting portion 42
comes into contact with the contact face 5f, that is, the rack
housing 5, when an axial force equal to or larger than a value
[ (and smaller than a value al) is generated due to a normal
input and thus the elastic body 30 is compressively deformed.

Thus, at the time of an end bush impact due to a normal
input, the end portion 22¢ is in contact with the receiving
portion 414, and the contact portion 424 and the contact face
5fare in contact with each other in the direction of a recipro-
cating motion of the rack shaft 4. Thus, movement of the
socket 22 and the rack shaft 4 is restricted by the contact face
51, and reaches the limit of the moving range of the socket 22
and the rack shaft 4. In the present embodiment, the receiving
portion 41a of the plate portion 41 or the end plate 40 func-
tions as an end receiving portion.

On the other hand, at the time of an end bush impact due to
a reverse input, the end portion 22¢ and the receiving portion
41a are in contact with each other, and the contact portion 42a
of the restricting portion 42 and the contact face 5f are apart
from each other. Thus, the moving speed of the socket 22 and
the rack shaft 4 is reduced due to the compressive deforma-
tion of the elastic body 30, and the movement thereof is
stopped ultimately. At the time of this end bush impact, even
if the axial force reaches the axial force a2 due to the reverse
input and the elastic body 30 is compressively deformed by an
amount corresponding to the length 1.2, the contact portion
42a of the restricting portion 42 and the contact face 5/ are
apart from each other at least by the length L3 (L1-1.2). As
described above, according to the present embodiment, the
advantageous effects 1), 2), 5) of the first embodiment are
obtained.

Next, a steering apparatus according to a third embodiment
of the invention will be described. Note that the main differ-
ence between the present embodiment and the above-de-
scribed embodiments is only the configuration relating to the
elastic body 30 and the end plate 40. Therefore, the same
configurations and the same control contents as those in the
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above-described embodiments will be denoted by the same
reference symbols as those in the above-described embodi-
ments, and detailed description thereon will be omitted.

Asillustrated in FIG. 7 and FIG. 8, aplurality of (two, in the
present embodiment) elastic bodies 60, 70 made of resin
material, such as rubber, and a plurality of (two, in the present
embodiment) end plates 80, 90 made of metal, such as iron
having a modulus of elasticity higher than that of the elastic
bodies 60, 70 are alternately disposed between the rack hous-
ing portion Sa and the ball joint 20. That is, an assembly 100
formed by assembling together the elastic body 60 and the
end plate 80, and an assembly 101 formed by assembling
together the elastic body 70 and the end plate 90 are disposed
next to each other between the rack housing portion 5a and
the ball joint 20 in the axial direction. As a result, the metal
and the resin material are alternately disposed. A member
formed by disposing the assemblies 100,101 next to each
other in the axial direction may be referred to as an impact
(input) absorbing member in which the metal and the resin
material are alternately disposed. Note that the rack shaft 4 is
passed through the elastic bodies 60, 70 and the end plates 80,
90. The elastic bodies 60, 70 are made of the same material,
and the end plates 80, 90 are made of the same metal material.

The elastic bodies 60, 70 in the present embodiment have
an annular shape, and are provided with body portions 61, 71
of which the outside diameters are maintained constant in the
axial direction, respectively. The elastic body 70 disposed on
the contact face 5fside, out of the respective elastic bodies 60,
70, has a flange-shaped fitting portion 72. The outside diam-
eter of each of the body portions 61, 71 is set smaller than the
inside diameter of the joint housing portion 55, and the inside
diameter of each of the body portions 61, 71 is set larger than
the outside diameter of the rack shaft 4, when the elastic
bodies 60, 70 have not undergone compressive deformation.
That is, insertion holes 63, 73 having a diameter larger than
the outside diameter of the rack shaft 4 and smaller than the
inside diameter of the rack housing portion 5a are formed in
the body portions 61, 71, respectively.

The end plate 80 is fitted in the insertion hole 63, and the
end plate 90 is fitted in the insertion hole 73. The end plates
80, 90 of the present embodiment have disc-shaped plate
portions 81, 91 through which the rack shaft 4 is passed, and
cylindrical restricting portions 82, 92, respectively. The
restricting portions 82, 92 are coaxially fitted to one sides of
the plate portions 81, 91, respectively. The plate portions 81,
91 and the restricting portions 82, 92 are all made of metal,
such as iron having a modulus of elasticity higher than that of
the elastic body 30.

The outside diameter of each of the plate portions 81, 91 is
set slightly smaller than the inside diameter of the joint hous-
ing portion 54, and the inside diameter of each of the plate
portions 81, 91 is set slightly larger than the outside diameter
of'the rack shaft 4. A receiving portion 81a to be brought into
contact with the end portion 22¢ at the time of an end bush
impact is formed on an end face of the plate portion 81, which
is located on the ball joint 20 side. A fitting portion 91a to
which the elastic body 60 is to be fitted is formed on an end
face of the plate portion 91, which is located on the elastic
body 60 side.

The plate portion 81 and the restricting portion 82 are fitted
to a distal end 61a of the elastic body 60 with fixing means,
such as an adhesive agent, whereby the assembly 100 is
formed. Similarly, the plate portion 91 and the restricting
portion 92 are fitted to a distal end 714 of the elastic body 70
with fixing means, such as an adhesive agent, whereby the
assembly 101 is formed. Then, the elastic body 60 is fitted to
the fitting portion 91a of the plate portion 91 fitted to the
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elastic body 70 with fixing means such as an adhesive agent,
whereby the assemblies 100, 101 are integrated with each
other.

The outside diameter of each of' the restricting portions 82,
92 is set substantially equal to the inside diameter of each of
the insertion holes 63, 73 of the elastic bodies 60, 70, through
which the restricting portions 82, 92 are respectively inserted,
and the inside diameter of each of the restricting portions 82,
92 is set larger than the inside diameter of the rack housing
portion 5a. That is, a contact portion 92a to be brought into
contact with the contact face 5f of the rack housing 5 at the
time of an end bush impact is formed on an end face of the
restricting portion 92, which is located on the rack housing
portion Sa side. A contact portion 82a to be brought into
contact with the fitting portion 91« of the plate portion 91 at
the time of an end bush impact is formed on an end face of the
restricting portion 82, which is located on the rack housing
portion 5a side.

The length of the body portion 61 of the elastic body 60 in
the axial direction is set such that the distance between the
contact portion 82a of the restricting portion 82 and the fitting
portion 91a is a length La when the elastic body 60 has not
undergone compressive deformation. Similarly, the length of
the body portion 71 of the elastic body 70 in the axial direc-
tion is set such that the distance between the contact portion
92a of the restricting portion 92 and the contact face 5f'is a
length Lb when the elastic body 70 has not undergone com-
pressive deformation. In the present embodiment, the length
La and the length Lb are equal to each other, and are each set
to half (V%) the length L1. That is, the length of each of the
restricting portions 82, 92 in the axial direction is set such that
the sum of'the distance between the contact portion 82a of the
restricting portion 82 and the fitting portion 91a, and the
distance between the contact portion 92a of the restricting
portion 92 and the contact face 5/'is equal to the length L1,
when the elastic bodies 60, 70 have not undergone compres-
sive deformation.

As described above, the distance between the contact por-
tion 82a of the restricting portion 82 and the fitting portion
91a is a range in which the elastic body 60 is compressively
deformed in the axial direction due to the end bush impact.
Similarly, the distance between the contact portion 92a of the
restricting portion 92 and the contact face 5/ is a range in
which the elastic body 70 is compressively deformed in the
axial direction due to the end bush impact.

FIG. 3 illustrates the relationship between the axial force
applied to each of the elastic bodies 60, 70 from the rack shaft
4 and the compression deformation length (mm) in the
present embodiment. The relationship in the case of a normal
input is indicated by an alternate long and short dash line, and
that in the case of a reverse input is indicated by a continuous
line. At the same axial force, in the present embodiment in
which the elastic bodies 60, 70 are made of'the same material
and the end plates 80, 90 are made of the same material, the
compressive deformation amount of each of the elastic bodies
60, 70 is half the compressive deformation amount of the
elastic body 30 in the first embodiment.

More specifically, the range in which each of the elastic
bodies 60, 70 is compressively deformed is set such that the
contact portions 824, 92a of the end plates 80, 90 do not come
into contact with other members, even if the axial force a2 is
generated due to a reverse input and the elastic bodies 60, 70
are compressively deformed. That is, the range is set such that
the contact portion 82a does not come into contact with the
fitting portion 91a and the contact portion 92a does not come
into contact with the contact face 5/
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Further, the range in which each ofthe elastic bodies 60, 70
is compressively deformed is set as a prescribed range in
which the contact portions 82a, 92a of the end plates 80, 90
may come into contact with other members, when an axial
force equal to or larger than §§ (and smaller than al) is gen-
erated due to a normal input and the elastic bodies 60, 70 are
compressively deformed. That is, the range is set such that the
contact portion 824 of the end plate 80 may come into contact
with the end plate 90 (fitting portion 91a) and the contact
portion 92a ofthe end plate 90 may come into contact with the
rack housing 5 (contact face 5f).

Next, the shaft end portion of the rack shaft 4 at the time of
an end bush impact due to a normal input or a reverse input in
the present embodiment will be described. Description will
be provided mainly on the elastic bodies 60, 70 and the end
plates 80, 90. As illustrated in FIG. 9A, before an end bush
impact occurs, the end portion 22¢ and the receiving portion
81a are apart from each other and the elastic bodies 60, 70
have not undergone compressive deformation. That is, the
contact portion 824 and the fitting portion 91a are apart from
each other and the distance between the contact portion 82a
and the fitting portion 91a is maintained at the length La. In
addition, the contact portion 924 and the contact face 5f are
apart from each other, and the distance between the contact
portion 92a and the contact face 5fis maintained at the length
Lb. Thus, the sum of the distance between the contact portion
824 and the fitting portion 91a, and the distance between the
contact portion 92a and the contact face 5fis maintained at the
length L1.

Next, as illustrated in FIG. 9B, after the end portion 22¢
comes into contact with the receiving portion 81a, the elastic
bodies 60, 70 are both compressively deformed with an
increase in the axial force due to a normal input. When the
axial force due to the normal input further increases and
reaches the axial force [3, the elastic body 60 is compressively
deformed by an amount corresponding to the length La, the
elastic body 70 is compressively deformed by an amount
corresponding to the length Lb, the elastic bodies 60, 70 are
compressively deformed by an amount corresponding to the
length L1 in total, and thus an end bush impact occurs.
Because each of the elastic bodies 60, 70 expands in the radial
direction upon reception of the compressive axial force, the
distance between each of the elastic bodies 60, 70 and the
joint housing portion 54 is shortened.

Atthe time of the end bush impact, the end portion 22¢ and
the receiving portion 81a of the end plate 80 are in contact
with each other, and, in addition, the contact portion 82a and
the fitting portion 914 of the end plate 90 are in contact with
each other and the contact portion 92« and the contact face 5f°
are in contact with each other in the direction of a reciprocat-
ing motion of the rack shaft 4, whereby movement of the end
plates 80, 90 is restricted. Thus, in the present embodiment in
which movement of the socket 22, that is, movement of the
rack shaft 4 is restricted by the contact face 5/, the receiving
portion 81a or the end plate 80 having the receiving portion
81a functions as a pressure receiving portion,

As illustrated in FIG. 9C, after the end portion 22¢ collides
with the receiving portion 81a, each of the elastic bodies 60,
70 is compressively deformed with an increase in the axial
force due to a reverse input. With an increase in the magnitude
of'the axial force due to the reverse input, the elastic body 60
is compressively deformed in a range corresponding to half
the length 1.2, and the elastic body 70 is compressively
deformed in a range corresponding to half the length 1.2,
whereby an end bush impact occurs. Because each of the
elastic bodies 60, 70 expands in the radial direction upon
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reception of the compressive axial force, the distance
between each of the elastic bodies 60, 70 and the joint housing
portion 55 is shortened.

At the time of the end bush impact, the end portion 22¢ and
the receiving portion 81a are in contact with each other, and,
in addition, the contact portion 82a and the fitting portion 91a
are in contact with each other, and the contact portion 92a and
the contact face 5fare apart from each other. Thus, the moving
speed of the socket 22 and the rack shaft 4 is reduced due to
the compressive deformation of the elastic bodies 60, 70, and
the movement thereof is stopped ultimately. At the time of this
end bush impact, even if the axial force reaches the axial force
a2 due to the reverse input and each of the elastic bodies 60,
70 is compressively deformed by an amount corresponding to
half the length [.2, the contact portion 82a and the fitting
portion 91a are apart from each other at least by the length L.c
(=La-1.2/2), and the contact portion 92a and the contact face
5fare apart from each other at least by the length [.d (=LLb-
L.2/2).

Next, the operation of the steering apparatus 1 according to
the present embodiment will be described. Generally, after a
certain amount of compressive deformation occurs, an elastic
body gradually becomes hard to compress, and exhibits a
tendency that the absorption rate with respect to an input load
becomes low and the input load required for compressive
deformation becomes large. On the other hand, when the
certain amount of compressive deformation has not occur, the
elastic body exhibits a tendency that the absorption rate with
respect to an input load is easily ensured and the input load
required for compressive deformation becomes small.

When the assemblies 100,101 are disposed next to each
other in the axial direction as in the present embodiment, the
axial force generated by the rack shaft 4 is received by the
compressive deformation of both the respective elastic bodies
60, 70, and thus the absorption rate with respect to an input
load is easily ensured by the elastic bodies 60, 70. Specifi-
cally, in the present embodiment, when the elastic bodies 60,
70 are compressively deformed by an amount corresponding
to the length L1 in total, each of the elastic bodies 60, 70 is
compressively deformed only by an amount corresponding to
half the length L1, and a region is used where compressive
deformation of the elastic body is smaller than that in a case
where one set of assembly is provided.

As described above, according to the present embodiment,
the following advantageous effects are obtained in addition to
the advantageous effects 1), 2), 5) obtained in the first
embodiment.

6) Providing the assemblies 100, 101 next to each other in
the axial direction makes it possible to more easily ensure the
absorption rate with respect to an input load than in a case
where one set of assembly is provided. When the elastic
bodies 60, 70 are compressively deformed by an amount
corresponding to the length L1 in total, each of the elastic
bodies 60, 70 is compressively deformed only by an amount
corresponding to half the length [.1, and a region is used
where compressive deformation of the elastic body is smaller
and the absorption rate with respect to an input load is more
easily ensured than in the case where one set of assembly is
provided.

7) At the time of an end bush impact caused by the driver’s
steering operation, especially the start of the compression of
each of the elastic bodies 60, 70 is used by providing the
assemblies 100, 101 next to each other in the axial direction.
Thus, a range where an input required for compressive defor-
mation tends to be small is easily applied. Thus, a force
required when the driver maintains the end bush impact state
is easily reduced. As a result, there is provided the steering
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apparatus 1 that makes it possible to easily maintain the end
bush impact state irrespective of the driver.

Each of the above-described embodiments may be modi-
fied as follows. If the elastic body is fixed to the rack housing
5, the groove 5d need not be formed. In this case, for example,
the elastic body 30 may be fixed to the rack housing 5 with an
adhesive agent. The elastic body may be fixed to the rack
housing 5 by forming a portion corresponding to the fitting
portion 32 in the rack housing 5 and a portion corresponding
to the groove 54 in the elastic body.

A plurality of the grooves 5d may be formed in the rack
housing 5 in a non-continuous manner. For example, a plu-
rality of (for example, four) the grooves 54 may be formed at
equal intervals in the circumferential direction of the projec-
tion Sc. The length L1, which is the limit of the compressive
deformation amount of the elastic body 30 or the total com-
pressive deformation amount ofthe elastic bodies 60, 70, may
be changed within a range larger than the compressive defor-
mation amount [.2 with respect to the axial force a2 due to the
reverse input. In the combination of a motion conversion
mechanism and a steering force assist device of a steering
mechanism, the length .1, which is the limit of the compres-
sive deformation amount of the elastic body 30 or the total
compressive deformation amount of the elastic bodies 60, 70
may be set, under the conditions that the minimum axial
force, at which abnormality such as jumping occurs at the
weakest portion among the various coupling portions in each
of the mechanism and the device, is set as a2, and the length
corresponding to .2 is set as L.2.

In the first embodiment, a plurality of the projections 5¢
may be formed on the rack housing 5 in a non-continuous
manner. For example, a plurality of the projections 5¢, for
example, four projections 5S¢ may be formed at equal intervals
in the circumferential direction of the joint housing portion
5b. In the first embodiment, the rack housing 5 need not have
the function as the restricting portion. For example, the pro-
jection 5¢ need not be formed. In this case, the cylindrical
restricting portion similar to the restricting portion described
in the second embodiment may be formed so as to extend
toward the elastic body 30 from the periphery of the end plate
40. In this configuration as well as in the second embodiment,
the wall face formed due to the difference in inside diameter
between the rack housing portion 5a and the joint housing
portion 56 functions as the contact face.

In the second and third embodiments, a plurality of the
elastic bodies may be formed on the plate portion in a non-
continuous manner. For example, a plurality of (for example,
four) elastic bodies 30 may be formed in a circular pattern at
regular intervals in the circumferential direction of the plate
portion 41. In the second and third embodiments, the plate
portion may be omitted. In addition, the plate portion and the
restricting portion may be a single-piece member. In the third
embodiment, assemblies may be added, and three or more
assemblies may be disposed next to each other in the axial
direction.

In the third embodiment, as illustrated in FIG. 10, the axial
lengths of'the elastic bodies 60, 70 of the assemblies 100, 101
may be different from each other. In this case, the axial length
of' the elastic body 60 closer to the ball joint 20 is preferably
set longer than that of the elastic body 70. In the third embodi-
ment, the materials of the elastic bodies 60, 70 may be dif-
ferent from each other. For example, the material of the elastic
body 60 closer to the ball joint 20 may be a material having a
modulus of elasticity higher than that of the elastic body 70.
In this case, the axial lengths of the elastic bodies 60, 70 are
set equal to each other. However, the configuration in this case
is equivalent to the configuration illustrated in FIG. 10.
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The elastic body may be an elastic member having no
viscosity, such as a coil spring. The steering apparatus 1 may
be another kind of electric power steering apparatus, may be
ahydraulic power steering apparatus, or may be ajust steering
apparatus provided with no power steering mechanism. The
elastic body may be fixed to the end portion 22¢ of the socket
22. In addition, the elastic body may be allowed to slide along
the rack shaft 4 instead of being fixed.

In each of the embodiments, if there is provided the con-
figuration of the restricting portion for restricting compres-
sive deformation of the elastic body at the time of an end bush
impact regardless of input types such as a normal input and a
reverse input, at least the advantageous effect 1) is obtained.
That is, at least the advantageous effect 1) is obtained by a
technical idea, that is, a steering apparatus including: a
steered shaft that changes an orientation of steered wheels by
making a linear motion in a housing in response to rotation of
a steering shaft; an end member that is fitted to an end portion
of'the steered shaft, and that comes into contact with or moves
away from the housing in response to movement of the
steered shaft; an elastic body disposed between the housing
and the end member; and a restricting portion that restricts
compressive deformation of the elastic body beyond alimit of
a prescribed range, when the elastic body is compressively
deformed in a direction of the linear motion due to collision of
the end member with the elastic body

With this configuration, when the elastic body is compres-
sively deformed in the direction of a linear motion as the end
member collides with the elastic body, compressive deforma-
tion of the elastic body beyond the limit of the prescribed
range is restricted. For example, a collision of the end mem-
ber with the elastic body caused by the driver’s operation of
the steering wheel is assumed to be a collision of the end
member with the elastic body. Thus, at the time of an end bush
impact caused by the driver’s operation of the steering wheel,
the compressive deformation of the elastic body is restricted
by the restricting portion. Thus, the amount of compressive
deformation of the elastic body reaches the limit of the pre-
scribed range and further compressive deformation is
restricted. Therefore, if the driver continues to apply force to
maintain the end bush impact in the above-described state, a
wobble of the steering wheel is restricted. As a result, it is
possible to inhibit the driver from feeling uncomfortable at
the time of an end bush impact due to the operation of the
steering wheel.

What is claimed is:

1. A steering apparatus comprising:

a steered shaft that changes an orientation of steered
wheels by making a linear motion in a housing in
response to rotation of a steering shaft;

an end member that is fitted to an end portion of the steered
shaft, and that comes into contact with or moves away
from the housing in response to movement of the steered
shaft;

an elastic body disposed between the housing and the end
member; and

a restricting portion that restricts compressive deformation
of the elastic body beyond a limit of a prescribed range,
when the elastic body is compressively deformed in a
direction of the linear motion of the steered shaft due to
collision of the end member with the elastic body,
wherein

the restricting portion restricts the compressive deforma-
tion beyond the limit of the prescribed range when a first
input is applied to the steered shaft, and
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the prescribed range is set larger than a range in which the
elastic body is compressively deformed when a second
input that is shorter in duration than the first input is
applied to the steered shaft.

2. The steering apparatus according to claim 1, wherein:

the restricting portion is disposed radially inward of the

elastic body; and

the restricting portion restricts the compressive deforma-

tion beyond the limit of the prescribed range by restrict-
ing movement of the end member when the end member
collides with the elastic body.

3. The steering apparatus according to claim 2, further
comprising an assembly formed by assembling together the
elastic body and the restricting portion, wherein a plurality of
the assemblies is stacked in an axial direction of the steered
shaft so as to be disposed between the housing and the end
member.

4. The steering apparatus according to claim 3, wherein a
groove in which the elastic body is fixedly fitted is formed in
an inner periphery of the housing.

5. The steering apparatus according to claim 2, wherein a
groove in which the elastic body is fixedly fitted is formed in
an inner periphery of the housing.

6. The steering apparatus according to claim 1, wherein:

the restricting portion is disposed radially outward of the

elastic body; and
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the restricting portion restricts the compressive deforma-
tion beyond the limit of the prescribed range by restrict-
ing movement of the end member when the end member
collides with the elastic body.

7. The steering apparatus according to claim 6, wherein:

an end receiving portion is fitted to the elastic body so as to

face the end member, the end receiving portion having a
modulus of elasticity higher than that of the elastic body,
and having an outside diameter larger than that of the
elastic body;

the restricting portion includes a projection formed on an

inner periphery of the housing; and
the projection has a contact face with which the end receiving
portion can come into contact when the compressive defor-
mation reaches the limit of the prescribed range.

8. The steering apparatus according to claim 7, wherein a
groove in which the elastic body is fixedly fitted is formed in
an inner periphery of the housing.

9. The steering apparatus according to claim 6, wherein a
groove in which the elastic body is fixedly fitted is formed in
an inner periphery of the housing.

10. The steering apparatus according to claim 1, wherein a
groove in which the elastic body is fixedly fitted is formed in
an inner periphery of the housing.
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